A DULT age-related differences have been found in the ability to detect deception, with older adults having difficulties accurately detecting when another person is being deceitful, particularly when only nonverbal cues are available (Stanley & Blanchard-Fields, 2008) . Recent reports suggest that older adults are also more susceptible to fraud and financial exploitation (Pinsker, McFarland, & Pachana, 2009; Smith, 2010) . For example, according to a statement from the Scottish Police, in Edinburgh, 86% of the incidents of door-to-door callers and tradesmen who engaged in fraudulent practices were reported by those older than the age of 60 years (Smith, 2010) . One reason for these age-related differences may be that younger and older adults associate different nonverbal interpersonal cues with deceptive intent.
People hold a number of beliefs about the nonverbal cues associated with lying, known as the "deceiver stereotype" (Global Deception Research Team, 2006) . For example, they believe that liars are more likely to stutter, pause more frequently, fidget, and make a greater number of hand gestures. The most commonly held belief about deceptive behavior is that liars do not maintain eye contact with others, with numerous studies finding that individuals with averted gaze are rated as less honest than those who maintain mutual gaze (Hemsley & Doob, 1978; Riggio & Friedman, 1983; Vrij & Semin, 1996) .
In a study investigating developmental differences in the strength of the deceiver stereotype, Einav and Hood (2008) showed 6-and 9-year-old participants videos of people displaying direct and averted gaze when answering interviewers' questions. Both age groups were more likely to associate averted gaze with lying and mutual gaze with honesty. However, 6-year-olds did so to a lesser extent than older children. A further study found that young children aged between 7 and 9 years were less likely than adolescents and young adults to think that liars should maintain eye contact in order to conceal their lie (McCarthy & Lee, 2009) . McCarthy and Lee (2009) argued that, similar to learning other display rules such as social faux pas, throughout development knowledge about the nonverbal behaviors believed to be associated with deception increases due to greater experience of engaging in and observing deceptive behavior. Individuals then use information acquired about the "deceiver stereotype" to make judgments about deceptive behaviors. However, to date, research has not systematically investigated beliefs about deceptive behaviors across adult development (i.e., comparing younger and older adults).
Given that it is a widely held belief that gaze aversion is associated with deceptive behaviors (Global Deception Research Team, 2006) and young children have accumulated enough experience to begin to associate deceit with lack of eye contact (McCarthy & Lee, 2009) , then it could be argued that adult aging would not affect the strength of this aspect of the deceiver stereotype (e.g., younger and older adults would associate gaze aversion with deceit to similar degrees). However, age-related declines have been found in many aspects of social cue decoding, particularly when processing social information from the eye region (Slessor, Laird, Phillips, Bull, & Filippou, 2010; Slessor, Phillips, & Bull, 2008; Sullivan, Ruffman, & Hutton, 2007) . For example, findings of an age-related decline in gaze processing suggest that older adults are less able to detect subtle differences in gaze aversion and have difficulties using gaze cues to establish joint attention with others (Slessor et al., 2008 (Slessor et al., , 2010 . It has been argued that these differences may reflect changes with age in the regions of the face that participants focus on when attempting to decode social cues as unlike younger participants, older adults tend to avoid looking at the eye region and instead focus on the mouth (Murphy & Isaacowitz, 2010; Sullivan et al., 2007; Wong, Cronin-Golomb, & Neargarder, 2005) . Therefore, older adults may be less likely to use gaze direction when decoding cues to deceit.
Study 1
The main aim of Study 1 was to assess whether there were adult age-related differences in the tendency to use gaze direction as a cue indicating deception. Younger and older participants were asked to decide whether individuals displaying direct gaze and differing degrees of averted gaze were being truthful or deceptive. Previous research assessing age-related differences in deception detection has employed complex naturalistic stimuli of others telling the truth or lies (Stanley & Blanchard-Fields, 2008) . However, to better understand the processes underlying older adults' perception of deceitful behavior, it is important to also explore the specific cues that young and old adults use when detecting deception. The present study uses more simplistic stimuli that allow one potential mechanism of deceit detection (e.g., gaze direction) to be isolated and explored.
Another commonly held stereotype is that older adults are more trustworthy than younger individuals, with both younger and older participants rating older people as most trustworthy (Johansson-Stenmen, 2008) . There is also evidence of own-age biases in decoding some nonverbal social cues (e.g., following gaze; Slessor et al., 2010) as younger adults are better at decoding these social cues when displayed by those in their own age range. Therefore, in order to investigate whether the age of the face stimulus would influence deceptiveness judgments, stimuli of both younger and older adults were used. As well as being perceived as more trustworthy, older adults also report being more trusting (Stanley & Blanchard-Fields, 2008; Taylor, Funk, & Clark, 2007) . Therefore, they may be more likely than younger adults to think that individuals are telling the truth, regardless of gaze direction. This study therefore manipulated gaze direction in pictures of faces to test whether (a) there were age differences in the association between direct gaze and judgments of honesty and averted gaze with judgments of lying, (b) age of face influenced judgments of honesty and lying, and (c) there were any own-age biases in judgments of honesty/lying.
Method

Participants
Two groups of participants were recruited: 46 young adults (37 females) aged 18-47 years (M = 21.1, SD = 5.8), the majority being psychology students from the University of Aberdeen who completed the study for course credit and 44 older adults (38 females) aged 60-82 years (M = 72.7, SD = 5.5). Older participants were recruited through the local participant panel at the University of Aberdeen and were reimbursed £10 for their time. All participants had good command of the English language and reported being free from past or present neuropsychological disorders. Both younger and older participants had normal or correct to normal vision and those who were required to wear glasses did so. There was no age difference in years of education, t(80) = .9, p = .40 (young M = 13.86, SD = 1.0 and old M = 13.43, SD = 3.1). All older adults achieved a score greater than 24, the cutoff point recommended by Chayer (2002) on the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) .
Stimuli and Procedure
Colored photographs (14.5 × 10 cm) of the faces of eight younger (four female) and eight older adults (four females) all displaying neutral expressions and direct gaze (approximately 1.43° from the centre of the screen) were taken from the Center for Vital Longevity Face Database (Ebner, 2008) . Consistent with Slessor and colleagues (2008) Adobe Photoshop was used to create images with gaze averted 1 pixel (0.13° from direct gaze), 2 pixels (0.25° from direct gaze), or 3 pixels (0.38° from direct gaze) to the left or right. Previous research investigating developmental differences in the strength of the deceiver stereotype employed stimuli with large differences in gaze aversion (i.e., direct gaze or clearly averted gaze; McCarthy & Lee, 2009 ). However, ceiling effects were evident in adolescents and younger adults' responses on this task. Therefore, in the present study, differing degrees of gaze aversion were used to ensure that the manipulation was more subtle, reducing the potential for ceiling effects. Each image was matched with a general statement about the person (e.g., I have a white car).
The following task was administered as part of a larger task battery, and participants were told that these tasks were designed to assess age-related differences in social understanding. Participants sat approximately 45 cm from the computer monitor on which the stimuli were presented. They were presented with still shots of individuals and told that sometimes these people had been honest and at other times deceptive when responding to questions about their lives. Participants were asked to decide whether the person photographed was telling the truth or lying when they said the statement written underneath the photograph. Sixteen trials (eight old and eight young face images) were presented with each level of gaze aversion (i.e., 1, 2, and 3 pixels averted). Forty-eight trials (24 old and 24 young face images) were presented with direct gaze. These images were presented to participants in a random order. Direction of averted gaze and pairing of statements with face images displaying direct or averted gaze was counterbalanced.
Results and Discussion
The mean percentage of trials to which younger and older participants responded "lying" to pictures of younger and older adults' faces is shown in Table 1 for each gaze condition. To compare the percentage of times in which participants responded "lying" to face stimuli in each gaze condition, a mixed-design analysis of variance was conducted with four levels of gaze direction (direct, 1, 2, and 3 pixels averted) and two levels of age of face stimulus (young vs. old) as the within-subjects factors. Age of participant (young vs. old) was the between-subjects factor.
This analysis revealed a significant main effect of gaze condition, F(3, 264) = 90.12, p < .001, η 2 p = .51, with participants being least likely to respond "lying" in the direct gaze condition and most likely to respond "lying" in the 3 pixels averted condition. There was also a significant main effect of age of face stimulus, F(1, 88) = 16.28, p < .001, η 2 p = .16, as participants were more likely to respond "lying" to younger (vs. older) face stimuli overall. This was qualified by a significant interaction between gaze condition and age of face stimulus, F(3, 264) = 5.22, p < .01, η 2 p = .06. The To further investigate the significant Gaze Condition × Age of Participant interaction, a series of independent samples t tests were carried out comparing younger and older participants responses in each gaze condition. As the critical three-way interaction between gaze condition, age of face stimulus, and age of participant was not significant, responses to younger and older face stimuli were combined to give a single score for the tendency to respond "lying" in each of the gaze conditions (see total score in Table 1 ). Younger adults were more likely than older participants to respond "lying" in the 2 pixel, t(88) = 2.46, p < .05, and 3 pixel, t(88) = 2.86, p < .01, averted conditions. However, in the direct gaze condition, younger adults responded "lying" less often than their older counterparts, t(88) = −2.90, p < .01. There was no significant age difference in the 1 pixel averted condition, t(88) = −1.06.
Younger adults' responses were in line with the "deceiver stereotype" as they were most likely to associate direct gaze with honesty and averted gaze with deception (with the exception of very subtly averted gaze). Older adults were also more likely to think that an individual with direct gaze was honest while clearly averted gaze signaled deception, although they did so to a lesser extent than younger adults. These findings indicate that older participants were less sensitive to gaze direction as a cue indicating honesty or deception. It should be noted that both age groups were more likely to think that individuals with gaze subtly averted (i.e., by one pixel) to the left or right were telling the truth rather than lying. Therefore, neither age group associated subtle degrees of gaze aversion with lying. This result could be attributed to both age groups, finding it difficult to differentiate between direct and 1 pixel averted gaze (see Slessor et al., 2008) .
Unlike previous studies assessing other aspects of social cue decoding (e.g., gaze following; Slessor et al., 2010) , there was no evidence of own-age biases in the present task as participants were not more likely to associate gaze aversion with deceit when judging own (vs. other) age faces. Instead, in line with the stereotype of older adults being perceived as more trustworthy (Johansson-Stenmen, 2008), both age groups were most likely to think that an older (vs. younger) adult was being honest, particularly when other available cues were ambiguous (e.g., when gaze was most subtly averted). Therefore, although own-age effects were found for older adults as they were more trusting of those in their own-age range, the same effect was not evident in younger participants.
Previous research has also suggested that older adults are more trusting than their younger counterparts (Stanley & Blanchard-Fields, 2008; Taylor et al., 2007) . In the present study, this was not apparent as compared with younger participants, older adults did not overall show a greater bias toward thinking that others were telling the truth. However, participants were explicitly informed at the beginning of the task that some of the people pictured were lying and some telling the truth, which may have subsequently influenced their responses (i.e., made older adults more suspicious).
Study 2
The finding from Study 1 that older adults were less sensitive to gaze direction when making judgments of honesty and deceptiveness indicates that in old age, individuals become less likely to use the display rules commonly associated with deception, which is in keeping with Stanley and Blanchard-Fields (2008) finding of age-related difficulties in decoding deceptive behavior. However, it is important to note that gaze direction is not necessarily a reliable cue to deceit, with some studies finding that liars avert their gaze (Barnlund, 1968; Exline, Thibaut, Hickey, & Gumpert, 1970) , whereas others suggest that individuals maintain eye contact when lying (Bond, Kahler, & Paolicelli, 1985; Burns & Kintz, 1976) . A recent meta-analysis reported no significant association between gaze aversion and deception but found that the effect sizes were heterogeneous, suggesting that other variables were moderating the effect (Sporer & Schwandt, 2006 . For example, when lying about facts, gaze aversion is not predictive of deception. However, when people are lying about both facts and feelings, gaze aversion is positively associated with deceit. It is thus possible that older adults may be ambivalent about associating averted gaze with lying as experience has indicated gaze direction to be an unreliable cue. To resolve this issue, Study 2 aims to explicitly assess age-related differences in the strength of the deceiver stereotype in general and more specifically the belief that gaze aversion is associated with lying. 
Method
Materials and Procedure
All participants completed a questionnaire developed by the Global Deception Research Team (2006) to assess beliefs about deception cross-culturally. In this questionnaire, participants were required to answer 10 questions designed to assess their perception of whether a number of behaviors are associated with lying. These behaviors include liars' general demeanor (e.g., do they act nervous), the content of their stories (e.g., are they less consistent than usual), specific paraverbal behaviors (e.g., do they stutter), and specific nonverbal behaviors (e.g., do they look at the other persons eyes; see Table 2 for a full list of behaviors). In each question, participants marked one of three options that best expressed their belief about how that behavior was related to deception. For example, for the question relating to gaze, participants chose whether liars look at the other person's eyes more than usual, less than usual, or neither more nor less than usual (see Global Deception Research Team, 2006 for a full example of the questionnaire).
Results and Discussion
The percentage of younger and older participants who chose each of the three options was calculated for each question individually. For the majority of questions, very few participants chose one or two of the three possible options, and thus, the expected count for a number of these cells was very low (i.e., less than 5). To control for this issue, similar to Global Deception Research Team (2006) , first, the modal response was calculated for each question (see Table 2 ). Then the frequency of responses for the other two options was combined to create a single category of non- Notes: Only percentages of responses to the modal option are reported as responses to the other two options were combined. These additional options were the direct opposite of the modal response (i.e., when people are lying, they act calm, serious, their stories are more consistent that usual, etc.) or an option for neither (i.e., when people are lying, they act neither calm nor nervous, neither silly nor serious, their stories are neither more consistent nor less consistent than usual, etc.). Degrees of freedom = 1 for all comparisons. modal response. A series of chi-square tests were then carried out to explore whether there was an association between age group and response frequency for each question (see final column in Table 2) .
Importantly, this analysis revealed that both age groups were most likely to think that liars averted their gaze, and there was no significant association between age group and response frequency on this question. This finding suggests that the strength of this aspect of the deceiver stereotype is equally as great in younger and older adults. However, the chi-square analyses did reveal significant associations between age group and response frequency for three questions. These analyses indicated that older adults were more likely than young to endorse the stereotypical beliefs that liars stories are longer than usual and that they make more hand gestures. In contrast, they were less likely than younger adults to assume that liars stutter more than truth tellers.
There were no age-related differences found in the tendency to believe that gaze aversion was associated with deceit as both age groups endorsed this belief to the same extent. This result therefore suggests that the findings in Study 1, of age-related differences in sensitivity to gaze aversion as a cue to deception, did not reflect changes in the strength of the belief about this link with age. Older adults were found to associate deception more with lengthy stories and hand gestures and less with speech errors compared with younger people. But how accurate are these beliefs? In line with both age groups' stereotypical beliefs, liars have been found to make a greater number of speech errors (see Sporer & Schwandt, 2006) . However, evidence suggests that contrary to older adults' beliefs, liars tell shorter stories and make fewer hand movements (see meta analysis by Sporer & Schwandt, 2006 . These findings raise the issue of whether age differences in the beliefs about how these cues relate to deception may underlie adult agerelated differences in the ability to detect reliable cues to deceit (Stanley & Blanchard-Fields, 2008) . Future research should address this issue by linking younger and older adults' beliefs about behavioral cues leaked when lying with their ability to detect deception.
General Discussion
Taken together, the findings of these two studies suggest that older adults, in a similar way to young adults, do explicitly associate gaze aversion with deceptive intent (Study 2), but they are less sensitive to differences in gaze direction when making judgments about whether an individual is being deceitful (Study 1). Therefore, the findings from Study 1 cannot be attributed to age differences in the strength of the deceiver stereotype. For example, given their responses on the questionnaire, it seems unlikely that older adults were being ambivalent about linking gaze direction with honesty and deception due to greater experience, indicating that gaze is not always a reliable cue. If older adults did not believe that gaze direction was a reliable indicator of deception (i.e., they had learnt that gaze was only an indicator of deceit in certain circumstances), then they would have answered this question in the deceiver stereotype questionnaire differently (so would have responded that when people are lying, they look at the other person's eyes neither more nor less than usual). However, few older participants chose this option or indicated when filling out the questionnaire that this association was dependent on situational factors. Einav and Hood (2008) argued that averted gaze arouses suspicion as it represents a deviation from the norm of maintaining eye contact when interacting with others. Therefore, although not necessarily always a valid cue, gaze direction is still perceived to be a socially meaningful cue to deception. Even when gaze direction was the only cue available, older adults were less likely to use this critical information from the eye region. However, the present study did not extend to measure age differences in detection of deception as the individuals pictured in study were not actually being deceitful. This method allowed the investigation of sensitivity to only one cue (e.g., gaze), but future research should assess adult age-related differences in the range of verbal and nonverbal cues used when attempting to discriminate between individuals who are actually being honest and deceptive. This seems particularly important, given the findings from Study 2 that older adults report being less likely than young to pick up on the few reliable indicators of deception, such as more speech errors, less expansive stories, or fewer hand movements. Perhaps, educating older adults on the interpersonal cues that reliably indicate deception may reduce their susceptibility to deceit and fraudulent practices.
The finding from Study 1 that older adults are less likely to use gaze direction as an indicator of deception is consistent with previous evidence of age-related difficulties in extracting and decoding social information from the eye region (Slessor et al., 2008; Sullivan & Ruffman, 2004) . Of particular relevance to the current research, older adults have been found to have difficulties detecting the direction in which another person is looking (Slessor et al., 2008) . However Slessor and colleagues (2008) found that younger and older participants' ability to detect direct and clearly averted (e.g., 3 pixels) gaze was comparable, and thus, the age differences found here cannot solely be due to problems interpreting this social cue. One potential explanation for these age-related differences in association between gaze cues and deception may relate to changes in the allocation of visual attention with age. Previous research has suggested that when making other social judgments of faces, such as emotion perception, older adults fixate less on the eye regions than younger adults (Murphy & Isaacowitz, 2010; Sullivan et al., 2007; Wong et al., 2005) . Therefore, if older adults are avoiding attending to the eyes, they will be less likely to pick up on social cues communicated by this region. Instructing a patient with amygdala damage to look at the eyes of a face has improved other aspects of social cue decoding (e.g., recognition of fearful facial expression, Adolphs et al., 2005) . Therefore, specifically asking older participants to attend to the eye region may reduce or remove age differences in the use of gaze aversion as a cue to deceit. Future studies tracking the eye movements of younger and older adults when completing the task used in Study 1 are required to reveal which features of the face both age groups scan when making this judgment.
To sum up, despite reporting that gaze aversion was an important indicator of deception, older adults were less sensitive than young to differences in gaze direction when judging whether another person was lying. These findings provide further evidence for age-related difficulties in the ability to extract socially meaningful information from the eye region.
